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^t 1 © Apparatus for detecting presence/absence of water leakage from water pipe. 



CO© A sensor (1) detects a vibration generated due to 
_ water leakage. An integration circuit (13) integrates 
time intervals for which a signal obtained by 
CL absolute-value amplifying an output signal (Ea) From 
'"the sensor exceeds a predetermined level (Er), with- 
in a predetermined period of time. The integration 
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circuit (13) performs the integration a plurality of 
times. A detection circuit (15) selects a minimum 
value of a plurality of integration values obtained by 
the plurality of measurements as an integration value 
obtained when the influence of noise is minimum, 
and compares the minimum value with a preset 



Xerox Copy Centre 



EP 0 300 460 A1 



refe.ence valu . When the minimum value exceeds 
the reference value, the detection circuit (15) deter- 
mines the presence of water leakage, and when the 
minimum value is smaller than the reference value, 
determines the absence of water leakage. A fre- 
auency detection circuit (14) calculates a first peak 
value of an output signal (Ea) from the sensor (1) 
within the predetermined period of time. A distance 
from a mounting position of the sensor (1) to a water 
leakage position is calculated based on the first peak 
frequency obtained when the minimum value of the 
plurality of integration values is obtained. 
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Apparatus for detecting presence/absence of water leakage from water pipe 



The present invention relates to an apparatus 
for detecting the presence/absence of water leak- 
age from a water pipe. 

A large amount of water leaking from conduit 
pipes, service pipes and the like for carrying water 
from filtration plants, and reservoirs and the like for 
supplying to water consumers leads to a great loss. 
It is therefore necessary to detect the occurrence 
of water leakage and reduce the quantity of water 
leakage. However, it is difficult to find water leak- 
age portions on the ground because most of the 
water leakage portions are present underground. 

According to a conventional method of detect- 
ing underground water leakage, a vibration of a 
service pipe is amplified and converted into an 
audible tone, whereupon an inspector listens to the 
audible tone. and then judging the 
presence/absence of water leakage. According to 
this method, however, the inspector must attain a 
skill for distinguishing noise generated by water 
leakage from other types of unrelated noise, in 
addition, according to this method, the inspector 
must circulate within areas in which the conduit 
pipes are embedded and must check the 
presence/absence of water leakage, thus requiring 
much labor and time-consuming operations. 

In order to overcome the above drawback, an 
apparatus for automatically detecting water leakage 
is disclosed in, e.g., Japanese Patent Disclosure 
(Kokai) No. 60-209117. This leakage detecting ap- 
paratus detects the presence/absence of water 
leakage by utilizing the following facts. Once water 
leakage occurs, it cannot be naturally recovered. 
Unless water leakage is repaired, noise continu- 
ously occurs. More specifically, in the leakage de- 
tecting apparatus disclosed in the above disclo- 
sure, a sensor converts a vibration of a water pipe 
into an electrical signal, and the electrical signal is 
supplied to a waveform shaping circuit. The 
waveform shaping circuit absolute-value amplifies 
the electrical signal from the sensor, compares the 
electrical signal with a threshold level and converts 
it into a high level signal or low level signal. An 
integration circuit integrates the period of time that 
the output signal remains at high level within a 
predetermined period of time. A detection circuit 
detects water leakage when the integrated period 
of time exceeds a predetermined reference value. 

Usually, the integration circuit is operated at 
nighttime (e.g., 1 AM to 4 AM) when unrelated 
outside noise is at a minimum. Thus, the probabil- 
ity of a water leakage detection error caused by 
unrelated outside noise is reduced. However, un- 
related noise exists even at night-time. In particular, 
noise from nighttime construction and noise from a 



pump for pumping water from a water tank to a 
high-level water tank are often generated for rela- 
tively long periods of time. For this reason, when 
the conventional water leakage detecting apparatus 
5 is used near a site of nighttime construction or of a 
water tank pump, the apparatus erroneously de- 
tects water leakage. 

A method of automatically detecting a position 
of water leakage is disclosed in Japanese Patent 
w Publication No. 43-18600. According to the method 
of this publication, correlation between output sig- 
nals from two sensors is obtained, and a time 
difference between the two output signals is used 
to determine the position of water leakage. Accord- 
75 ing to this method, however, at least two sensors 
must be used to detect the position of water leak- 
age. It is also difficult to perform measurement 
such as calculation of correlation between output 
signals from the two sensors. An apparatus ar- 
20 ranged by using this method becomes bulky. With 
this method, however, a detection error may occur. 
When the water supplied through the service pipe 
is used, it may be detected as if the water were 
leaking from the pipe. Therefore, it is necessary to 
25 use this method at night when a relatively small 
amount of water is used. 

It is an object of the present invention to pro- 
vide an apparatus for detecting water leakage, 
which is little influenced by noise. An apparatus for 
30 detecting water leakage according to the present 
invention comprises: 

vibration detection means for detecting a vibra- 
tion generated due to water leakage; 

integration means, connected to said detection 
35 means, for integrating a time interval for which a 
vibration level of the vibration detected by* said 
detection means exceeds a predetermined value 
within a predetermined period of time, said integra- 
tion means performing the integration a plurality of 
40 times to obtain a plurality of integration values; and 
determination means for receiving the plurality 
of integration values calculated by said integration 
means, for selecting a minimum value of the plural- 
ity of integration values as an integration value 
45 obtained when the influence of noise is minimum, 
for comparing the selected minimum value with a 
p rese t reference value, and for, when the minimum 
value exceeds the reference value, determining a 
presence of water leakage, and when the minimum 
so value is smaller than the reference value, determin- 
ing an absence of water leakage. 

With the. above arrangement. the 
presence/absence of water leakage is detected on 
the basis of an integration value obtained when 
unrelated noise is substantially at a minimum. 
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Therefore, the presence, absence of water leakage 
can be accurately detected. 

It is another object of the present invention to 
provide an apparatus for detecting water leakage 
which can also easily detect the distance between 
a water leakage position and the apparatus. 

In order to achieve the above object according 
to the present invention, there is provided an ap- 
paratus for detecting water leakage, comprising: 

vibration detection means (1) for detecting a 
vibration generated due to water leakage: 

integration means (3), connected to the detec- 
tion means (1). for integrating time intervals for 
which vibration level of the vibration detected by 
the detection means (1) exceeds a predetermined 
value within a predetermined period of time; 

determination means (15) for comparing an 
integration value (R) calculated by the integration 
means (13) with a preset reference value (C), for 
determining the presence of a water leakage in- 
dicated by an integration value (R) exceeding the 
reference value (C), and for determining the ab- 
sence of water leakage indicated by an integration 
value (R) smaller than the reference value (C); and 

means for calculating a first peak frequency of 
an output signal (Ea) from the detection means (t) 
within the predetermined period of time. 

With the above arrangement according to the 
apparatus for detecting water leakage, a frequency 
of vibration detected by the vibration detection 
means can also be detected. A frequency of main 
vibration components of the vibrations propagating 
a water pipe or the like tends to be decreased 
when the distance is increased. Therefore, by de- 
tecting the frequency of the main vibration compo- 
nents, the distance between the water leakage po- 
sition and the apparatus for detecting water leak- 
age can be calculated. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Figs. 1 and 2 are block diagrams showing a 
circuit arrangement of an apparatus for detecting 
water leakage according to a first embodiment of 
the present invention; 

Figs. 3A to 3G are timing charts for explain- 
ing operations of apparatuses for detecting water 
leakages according to the first embodiment and a 
second embodiment of the present invention: 

Fig. 3H is a timing chart for explaining an 
operation of the apparatus for detecting water leak- 
age according to the second embodiment of the 
present invention; 

Figs. 4 and 5 are flow charts for explaining 
operathe apparatus for detecting water leakage ac- 
cording to the first embodiment; 



Fig. 6 is a graph showing a relationship 
between the distance to a water leakage position 
and a first peak frequency of a signal generated by 
water leakage: and 

5 Figs. 7 and 8 are block diagrams showing an 

arrangement of the apparatus for detecting water 
leakage according to the second embodiment. 

An apparatus for detecting water leakage ac- 
cording to an embodiment of the present invention 

w will be described with reference to the accompany- 
ing drawings. 

An arrangement of the apparatus for detecting 
water leakage of this embodiment will be described 
with reference to Fig. 1. 

15 Referring to Fig. 1, sensor 1 is arranged on. 

e.g., water pipe 0. Sensor 1 converts a displace- 
ment, a speed, or an acceleration of a wall surface 
of water pipe 0 into an electrical signal. An output 
signal from sensor 1 is supplied to waveform shap- 

20 ing circuit 2. Waveform shaping circuit 2 amplifies 
an absolute value of output signal Ea from sensor 1 
and compares a signal having an amplified ab- 
solute value with a predetermined reference volt- 
age (i.e., a threshold level). A portion of the signal 

25 from the waveform shaping circuit 2, which ex- 
ceeds the reference voltage, is converted into a 
signal of logic T having a predetermined voltage. 
However, a signal portion having a level lower than 
the predetermined voltage is converted into a sig- 

30 nai of level "0 M . 

Output signal Ec from waveform shaping circuit 
2 is supplied to integration circuit 3. Integration 
circuit 3 integrates a period of time when it is kept 
at logic level and outputs the resultant time integra- 

35 tion value R. 

Detection circuit 4 is connected to integration 
circuit 3. Detection circuit 4 receives time integra- 
tion value R and detects the presence/absence of 
water leakage on the basis of time integration value 

40 R. in addition, detection circuit 4 outputs integration 
start signal INI. integration end signal INO. and 
reset signal RST to control integration circuit 3. 

Timer 5 is connected to detection circuit 4. 
Timer 5 obtains integration start time and integra- 
ls tion end time of the integration circuit 3 and out- 
puts an interrupt signal to detection circuit 4 at 
predetermined intervals. 

Detailed arrangements of waveform shaping 
circuit 2. integration circuit 3 and detection circuit 4 

so shown in Fig. 1 will be described with reference to 
Fig. 2. 

Output signal Ea from sensor 1 is supplied to 
absolute value amplifier 21. Output signal Eb from 
absolute value amplifier 21 is supplied to the nonin- 
55 verting input terminal of comparator 22. The invert- 
ing input terminal of comparator 22 receives refer- 
ence voltage Er. When a voltage of signal Eb 
exceeds ref rence voltage Er, comparator 22 out- 
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puts a signal having a voltage substantially equal to 
power source voltage Vcc. However, when the volt- 
age of signal Eb is lower than reference voltage Er. 
comparator 22 outputs a ground voltage. 

Integration start signal INI and integration end 
signal INO output from detection circuit 4 are sup- 
plied to memory 34. Memory 34 comprises, e.g., 
an RS flipflop. the set terminal of which receives 
signal INI and the reset terminal of which receives 
signal INO. Memory 34 maintains a logic "1" state 
between an input of integration start signal INI and 
an input of integration end signal INO. Output sig- 
nal Ef from memory 34 is supplied to one input 
terminal of AND gate 31. The other input terminal 
of AND gate 31 is connected to pulse generator 30. 
Pulse generator 30 generates pulse signal Eg hav- 
ing a predetermined period. AND gate 31 cal- 
culates an AND signal of output signal Ef from 
memory 34 and output signal Eg from pulse gener- 
ator 30 and outputs the AND signal as signal Eh. 
That is, AND gate 31 outputs pulse signal Eh 
having a predetermined period between an output 
timing, of integration start signal INI and an output 
timing of integration end signal INO. 

Signal Eh from AND gate 31 is supplied to one 
input terminal of AND gate 32. Output signal Ec 
from waveform shaping circuit 2 is supplied to the 
other input terminal of AND gate 32. AND gate 32 
calculates an AND signal of signals Eh and EC. 
That is, AND gate 32 outputs pulse signal Ed 
having a predetermined period between an output 
timing of integration start signal INI and an output 
timing of integration end signal NO while signal Ec 
is kept at logic "1". 

Counter 33 receives output signal Ed from 
AND gate 32 and counts pulses included in signal 
Ed. The number of counted pulses indicates the 
integration value R of "V-level time periods of 
signal Ec from the output timing of integration start 
signal INI to the output timing of integration end 
signal INO. Counter 33 is reset in response to reset 
signal RST. 

Detection circuit 4 comprises a microcomputer 
including central processing unit (CPU) 35, ROM 
36 for storing operation programs of CPU 35, per- 
manent data and the like, and RAM 37 for storing 
data and the like. 

The operation of the water leakage detecting 
apparatus shown in Figs. 1 and 2 will be described 
with reference to the timing charts shown in Figs. 
3A to 3G and the flow chart shown in Fig. 4. 

When the power switch (not shown) of the 
water leakage detecting apparatus is turned on, 
sensor 1 detects a vibration of a pipe wall of water 
pipe 0, and outputs signal Ea as shown in Fig. 3A. 
Absolute value amplifier 21 absolute-value ampli- 
fies signal Ea, and outputs signal Eb as shown in 
Fig. 3B. Comparator 22 compares signal Eb with 



preset reference voltage Er. Comparator 22 con- 
verts a signal portion where the voltage of signal 
Eb is higher than reference voltage Er into a signal 
of a constant high voltage, converts a signal portion 

5 where the voltage of signal Eb is lower than refer- 
ence voltage Er into a signal of 0 V, and then, 
outputs the obtained signal to integration circuit 3. 
Pulse generator 30 continuously outputs pulse sig- 
nal Eg having a predetermined period. 

io In the above assumption, when an interruption 

signal periodically output from timer 5 is received, 
detection circuit 4 performs water leakage detec- 
tion processes as shown in the flow chart of Fig. 4. 
First, it is checked if one of a plurality of 

/5 integration start times preset in ROM 36 (e.g., AM 
0:00, 1:00. 2:00. 3:00) coincides with a time output 
from timer 5 (step S1). 

If a noncoincidence is detected in step S1 , it is 
checked if one of a plurality of preset integration 

20 end times (e.g., AM 0:40, 1:40 t 2:40,' 3:40) co- 
incides with an output time from timer 5 (st p S3). 
If a noncoincidence is detected in step S3, control 
returns to an interruption standby program. 

After a time has passed, if the present time 

25 coincides with one of the integration start times, a 
coincidence is detected in step S1. and detection 
circuit 4 outputs integration start signal INI as 
shown in Fig. 3E (step S2). Upon reception of 
integration start signal INI, memory 34 is set, and 

30 outputs signal Ef at logic level "1", as shown in 
Fig. 3G. In response to signal Ef of logic level "1 
AND gate 31 outputs pulse signal Eg from pulse 
generator 30 as signal Eh. AND gate 32 receives 
signal Ec and pulse signal Eh. When signal Ec is at 

35 "1" level, AND gate 32 outputs puise signal Ed as 
shown in Fig. 3D. Counter 33 counts the number of 
pulses included in signal Ed output from AND gate 
32. 

During execution of the above operation, timer 

40 5 periodically outputs an interruption signal, and 
steps S1 and S3 are repeated. If a predetermined 
period of time has passed from the output timing of 
integration start signal INI, it is determined in step 
S3 that the present time coincides with one of the 

45 interruption end times. Detection circuit 4 outputs 
integration end signal INO to integration circuit 3. 
as shown in Fig. 3F (step S4). 

Upon reception of integration end signal INO, 
memory 34 is reset, as shown in Fig. 3G, and both 

so signals Ef and Eh go to logic level "0". Signal Ed 
also goes to logic level "0", as shown in Fig. 3D. 
Therefore, counter 33 stops a count-up operation. 
The count value of counter 33 in this state in- 
dicates the integration value (total sum) R of "1"- 

55 level time periods of output signal Ec from 
waveform shaping circuit 2 during an interval from 
the output timing of integration start signal INI to 
the output timing of integration end signal INO. 
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Detection circuit 4 reads out time integration 
value Ri indicated by the count value of counter 33 
in step S5. In this case, suffix i means ith measure- 
ment Detection circuit 5 compares currently ob- 
tained time integration value Ri with minimum value 
Rmin of the stored time integration values, and 
stores the smaller one as the new minimum value 
Rmin (step S6>. Detection circuit 4 outputs reset 
signal RST to reset counter 33, thus preparing for 
the next measurement. Detection circuit 4 then 
checks if measurement count [ has reached pre- 
determined count n (e.g., 4) (step S8). If NO in step 
S8. control returns to the interruption standby pro- 
gram. 

If measurement count i is equal to preset count 
n, control advances to step S9. 
" In step S6, detection circuit 4 compares preset 
threshold value C with finally obtained minimum 
value Rmin. If minimum value Rmin is larger than 
threshold value C. detection circuit 4 determines 
the presence of water leakage, and outputs water 
leakage detection signal to terminal P (step S11). 
In contrast to this, if measurement value Rmin is 
smaller than threshold value C, detection circuit 4 
outputs to terminal P a signal indicating the ab- 
sence of water leakage (step S10). 

Thereafter, in step $12. in order to initialize 
minimum value Rmin. a sufficiently large value is 
set as minimum value Rmin. and control then re- 
turns to the interruption standby program. 

In this embodiment, the measurement is per- 
formed a plurality of times and time integration 
value Ri is obtained during each measurement 
period. Minimum value Rmin of the obtained time 
integration values Ri is compared with threshold 
value C to determine the presence.- absence of wa- 
ter leakage. A noise component always has an 
interrupted period even if it is due to the unrelated 
noise of a construction site or water tank pump. 
Therefore, in this embodiment, minimum value 
Rmin is regarded as a measurement value when 
the noise component is minimum, and the 
presence absence of water leakage is determined 
using this minimum value Rmin. Thus, the influ- 
ence of noise can be removed or eliminated. 
Therefore, erroneous detection of a water leakage 
due to unrelated noise can be prevented. 

In the above embodiment. 40-minute measure- 
ments are performed four times during a time 
interval from AM 0:00 to AM 4:00. during which 
interval noise is considered to be relatively small. 
However, the present invention is not limited to the 
case wherein measurement is performed a plurality 
of times during a specific time interval. For exam- 
ple, integration start times, integration end times, 
integration measurement count, and the like can be 
arbitrarily set. For example. 1-hour measurement 
may be performed 24 times during a time interval 



from 0:00 to 24:00. For example, if a measurement 
period, a measurement interval, and a measure- 
ment count are set so that measurement is per- 
formed n times for two days, the presence- absence 
5 of water leakage is repetitively detected at every 2- 
day interval. 

The present invention is not limited to above 
embodiment. For example, after every n time mea- 
surement is completed, water leakage may be de- 
io ,termined using minimum value Rmin of the mea- 
surement values of the least m x n measurement. 

Fig. 5 shows an operation of a water leakage 
detecting apparatus which performs measurement 
n times a day. and everyday. the 
is presence- absence of water leakage is detected us- 
ing minimum value Rmin of the measurement value 
of the past m days including the day of measure- 
ment. In the flow chart shown in Fig. 5. a portion 
surrounded by dotted line SO is substantially the 
20 same as a portion surrounded by dotted line SO in 
Fig. 4, and a detailed description thereof wilt be 
omitted. After n measurements of a certain day are 
ended by steps in the portion surrounded by dot- 
ted line SO in Fig. 5, control advances to step S13. 

25 In step S13. minimum value A(J-1) (j = 1. 2 m) 

of time integration values of a (j-l)th day is re- 
placed with minimum value Aj of a jth day. Then, 
minimum value Rmin of the latest n time integra- 
tion values Ri (of the day in this embodiment) is 
30 given as minimum value Am of an mth day (step 
Sn). Thus, minimum values Aj of time integra-tion 
values for recent m days can always be retained. 
Thereafter, the smallest value of minimum values 
Aj of time integration values for the latest m days is 
35 compared with threshold value C, thus detecting 
the presence/ absence of water leakage (step Si 5). 
Note that steps S10. S1 1 . and Si 2 are the same as 
those in Fig. 3. 

If the apparatus is operated as shown in Fig. 5, 
40 even if a great amount of unrelated noise is gen- 
erated throughout a specific day. erroneous detec- 
tion of water teakage can be prevented. 

The water leakage detecting apparatus accord- 
ing to the first embodiment can detect the 
45 presence absence of water leakage but cannot de- 
tect the distance from a sensor mounting position 
to a water leakage position. A water leakage detect- 
ing apparatus according to a second embodiment 
of the present invention can' also detect this dis- 
so tance to a water leakage position. 

A technique for obtaining a distance to a water 
leakage position according to the present invention 
is based on the test result in that rt a high-frequency 
component of a vibration transmitting through a 
55 water pipe is attenuated as a transmission length is 
increased, and the main component of the fre- 
quency of a vibration generated due to water leak- 
age has a predetermined relationship with the dis- 
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tance to the water leakage position". Fig. 6 shows 
an example of the test result. Fig. 6 shows mea- 
surement results of 11 samples of water leakage 
detected in an urban district by practicing this 
method. In Fig. 6, the maximum level frequency \ 
resulting from spectrum-analysis of a frequency of -A 
a vibration, is plotted along the ordinate, and the " 
distance from a sensor mounting position to a 
water leakage position is plotted along the ab- 
scissa. 

An arrangement of an embodiment of a water 
leakage detecting apparatus which can detect a 
distance to a water leakage position based on the 
above principle will be described with reference to 
Fig. 7. 

In Fig. 7, the arrangements of sensor 1 and 
waveform shaping circuit 2 are substantially the 
same as those shown in Fig. 1. Output signal Ec 
from waveform shaping circuit 2 is supplied to 
integration circuit 13. Integration circuit 13 calcu- 
lates an integration value of "1 "-level time periods 
of signal Ec during a time interval from a predeter- 
mined integration start time to an integration end 
time. 

Output signal Ec from waveform shaping circuit 
is also supplied to average frequency detection 
circuit 14. Detection circuit 14 calculates an aver- 
age frequency of output signal Ea from sensor 1 
during a time interval from the predetermined in- 
tegration start time to the integration end time. 

Detection circuit 15 is connected to integration 
circuit 13, and compares time integration value R 
calculated by integration circuit 13 with preset 
threshold value C so as to determine the 
presence/absence of water leakage. 

Display 16 is connected to detection circuits 14 
and 15. Display 16 displays the presence/absence 
of water leakage determined by detection circuit 
15, and the average frequency calculated by detec- 
tion circuit 14. 

A detailed arrangement of integration circuit 14 
an average frequency detection circuit 14 shown in 
Fig. 7 will be described hereinafter with reference 
to Fig. 8. 

Integration circuit 13 includes timing circuit 44 
which outputs integration start signal INI at a pre- 
determined integration start time, and outputs in- 
tegration end signal INO at a predetermined in- 
tegration end time. Memory 45 is set in response 
to integration start signal INI, and is reset in re- 
sponse to integration end signal INO. Output signal 
Ef from memory 45 is supplied to one input termi- 
nal of AND gate 42. Output signal Ec from 
waveform shaping circuit 2 is input to the other 
input terminal of AND gate 42. The output signal 
from AND gate 42 is supplied to counter 46 which 
counts the number of pulses included in the input 
signal. The count value of counter 46 is supplied to 



division circuit 47. The output signal from division 
circuit 47 is supplied to display 16 as an output 
signal from average frequency detection circuit 14. 
Output signal Ec from waveform shaping circuit 

5 2, output signal Ec from pulse generator 40, and 

^ output signal Ef from memory 45 are supplied to 
AND gate 41 . Output signal Ed from AND gate 41 
is supplied to counter 43. Counter 43 counts the 
number of pulses included in output signal Ed from 

10 AND gate 41. The count value is output to terminal 
TO, and is also supplied to detection circuit 15. 
Rest signal RS output from timing circuit 44 is 
supplied to the reset terminal of counter 43. Detec- 
tion instruction signal output from timing circuit 44 

/5 is supplied to detection circuit 14 and division 
circuit 47. Integration start signal INI is supplied to 
the reset terminal of counter 46. 

The operation of the circuit shown in Figs. 7 
and 8 will be described below. 

20 When a power switch is turned on, sensor 1 

detects a vibration of a wall of a water pipe, and 
outputs signal Ea, as shown in Fig. 3A, Waveform 
shaping circuit 2 absolute-value amplifies output 
signal Ea from sensor 1, and outputs signal Eb 

25 shown in Fig. 3B. Waveform shaping circuit 2 com- 
pares signal Eb with reference voltage Er, and 
converts a signal portion which is higher than refer- 
ence voltage Er into a signal of a predetermined 
voltage, and a signal portion which is lower than 

30 reference voltage Er into a signal of 0 V. Pulse 
generator 40 continuously outputs a pulse signal of 
a predetermined period. 

When the present time has reached a predeter- 
mined integration start time, timing circuit 44 out- 

35 puts integration start signal INI to memory 45, as 
shown in Fig. 3E. In response to integration start 
signal INI, memory 45 is set, and outputs signal Ef 
of logic level "1". as shown in fig. 3G. In response 
to signal Ef of logic level "1". AND gate 42 directly 

40 outputs signal Ec from waveform shaping circuit 2, 
as shown in Fig. 3C. Counter 46 counts the number 
of pulses included in the output signal from AND 
gate 42. 

In response to signal Eg of logic level "1 ", 
45 AND gate 41 ANDs signal Ec and pulse signal Eg, 
and outputs pulse signal Ed shown in Fig. 3D. 
Counter 43 counts the number of pulses included 
in output signal Ed from AND gate 41 . 

When the present time has reached an integra- 
50 tion end time, timing circuit 44 outputs integration 
end signal INO to memory 45, as shown in Fig. 3F. 
in response to integration end signal INO, memory 
45 is reset, and output signal Ef of logic level "0". 
Thus, AND gates 41 and 42 stop outputting of 
55 pulse signals, and counters 43 and 46 stop the 
count-up operation. In this state, the count value 
held in counter 43 indicates integration value R of 
"1 "-level time periods of output signal Ec from 



7 



11 



BP 0 300 460 A1 



12 



waveform shaping circuit 2 during at time interval 
between an output timing of integration start signal 
INI to an output timing of integration end signal 
I NO. The count value heid by counter 46 indicates 
the number of pulses included m output signal Ec 
during a time interval between the output timing of 
integration start signal INI to the output timing of 
integration end signal INO. 

After signal INO is output, timing circuit 44 
outputs detection execution signal DIO shown in 
Fig. 3H. 

Upon reception of detection execution signal 
DIO. division circuit 47 divides the count value of 
counter 46 with second count S x 2 from the output 
timing of signal INI to the output timing of signal 
INO. Thus, the average frequency of output signal 
Ea from sensor 1 from the output timing of signal 
INI to the output timing of signal INO can be 
calculated. 

Upon reception of detection execution signal 
DIO, detection circuit 15 compares time integration 
value R indicated by the count value of counter 43 
with preset threshold value C. If time integration 
value R is larger than threshold value C. detection 
circuit 15 determines the presence of water leak- 
age, and outputs a signal indicating the presence 
of water leakage to terminal P. Oppositely, if time 
integration value R is smaller than threshold value 
C. detection circuit 15 determines the absence of 
water leakage, and outputs a signal indicating the 
absence of water leakage to terminal P. 

Display 16 displays the presence/absence of 
water leakage m response to the output signal from 
detection circuit 15. When water leakage is de- 
tected- display 15 displays the average frequency 
based on the output signal from division circuit 47. 

After detection execution signal DIO is output 
reset signal RST is output, and counter 43 is 
cleared. On the other hand, counter 46 is cleared in 
response to integration start signal INI. Detection 
circuit 15 starts its operation in response to detec- 
tion execution signal DIO. Thus, detection of the 
presence absence of water leakage and the aver- 
age frequency can be heid at least until the next 
measurement is started. 

With the above arrangement, an operator can 
only check display 16 to learn of the 
presence, absence of water leakage. In addition, the 
distance to a water leakage position can be cal- 
culated based on the graph shown in Fig. 6. 

Note that the relationship between the distance 
and frequency shown in Fig. 6 changes in accor- 
dance with the material and type of pipe through 
which a vibration is transmitted. If the material of 
the pipe is changed, a curve representing the rela- 
tionship between frequency and distance has a 
standard well-defined from, and the. distance can 
be accurately calculated by detecting the material 



of pipe. 

With the above arrangement. the 
presence- absence of water leakage and distance to 
a water leakage position can be calculated by a 

5 single measuring apparatus. 

In the second embodiment described above, 
the time integration value and the average fre- 
quency are measured a plurality of times, and 
minimum value Rmin of time integration values R 

io is compared with threshold value C. so that the 
presence/absence of a water leakage can be deter- 
mined free from the influence of unrelated noise or 
the like. In this case, the water leakage detecting 
apparatus compares minimum value Rmin of a 

15 plurality of time integration values Ri calculated by 
a plurality of measurements with threshold value C 
to detect the presence/absence of water leakage. 
The distance to a water leakage position is cal- 
culated using an average frequency when minimum 

20 value Rmin is obtained. With this arrangement, the 
presence/absence of water leakage and the dis- 
tance to the water leakage position can be mea- 
sured without influence from unrelated noise. 

In this embodiment, the average frequency is 

25 displayed on display 16. However, arithmetic circuit 
16A. for example, can be arranged in display 16 so 
that arithmetic circuit 16A calculates a distance 
from the calculated average frequency in accor- 
dance with Fig. 6. and display 16 displays the 

30 calculated distance. 

The water leakage detecting apparatus of this 
embodiment has a relatively simple, low-cost ar- 
rangement. For this reason, the water leakage de- 
tecting apparatus can be attached to a water meter 

35 installed in each home- 
In the above embodiment, threshold value C 
and reference voltage Er must not be a value so 
low as to detect water leakage if no water leakage 
is occurring, and must also not be a value so high 

40 as not to detect water leakage if water leakage is, 
in fact, occurring. 

In the above embodiment, sensor 1 is attached 
to water pipe 0. However, the present invention is 
not limited to this. For example, the sensor may be 

45 attached to any place such as a fire plug, water 
meter, a water control valve, and the like where a 
vibration or noise generated by water leakage is 
transmitted. 

In the above embodiment, the output signal 
so from sensor 1 is absolute-value amplified, and time 
intervals for which the amplified signal exceeds 
predetermined reference voltage Er are integrated. 
However, the present invention is not limited to 
this. For example, an envelope of output signal Eb 
55 from absolute value amplifier 21 is calculated, and 
time intervals for which the envelope exceeds the 
threshold value may be integrated. For example, an 
average level per unit time of absolute-value am- 
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plified signal Eb is calculated, and time intervals for 
which the average level exceeds the threshold val- 
ue may be integrated. Similarly, an effective value 
per unit time of AC output signal Ea from sensor 1 
is calculated, and time interval for which the effec- 
tive value exceeds the threshold value may be 
integrated. 

In the above embodiment, the period of the 
pulse signal generated by pulse generator 30 or 40 
is preferably 4 times or more the frequency of 
signal Ec. This is to accurately calculate a "1"-level 
period of signal EC. Therefore, when waveform 
shaping circuit 2 includes a low-pass filter, the 
pulse signal preferably has a frequency about 4 
times the cutoff frequency of the filter. 

In the above embodiment, the average fre- 
quency is regarded to be substantially equal to a 
first peak frequency, so that a distance to a water 
leakage position can be calculated by a simple 
arrangement. However, the present invention is not 
limited to this. For example, the first peak fre- 
quency of the detected vibration can be accurately 
obtained using a frequency analyzer, and the dis- 
tance to a water leakage position can be calculated 
based on this first peak frequency. 



Claims 

1. A water leakage detecting apparatus includ- 
ing: 

vibration detection means for detecting a 
vibration generated due to water leakage; 

integration means, connected to said detection 
means, for integrating a time interval for which a 
vibration level of the vibration detected by said 
detection means exceeds a predetermined value 
within a predetermined period of time; and 

determination means for comparing an 
integration value with a preset reference value and 
for. when the integration value exceeds the preset 
reference value, determining a presence of water 
leakage and when the integration value is smaller 
than the preset reference value, determining an 
absence of water leakage; 
characterized in that 

said integration means (2, 3) performs the 
integration a plurality of times to obtain a plurality 
of integration values; and 

said determination means (4) receives the 
plurality of "integration values (Ri) calculated by 
said integration means (2. 3), selects a minimum 
value (Rmin) of the plurality of integration values 
(Ri) as an integration value obtained when the 
influence of noise is minimum, compares the se- 
lected minimum value (Rmin) with a preset refer- 
ence value (C), and determines the presence of 
water leakage when the minimum value (Rmin) 



exceeds the reference value (C). and the absence 
of water leakage when the minimum value (Rmin) 
is smaller than the reference value (C). 

2. An apparatus according to claim 1. char- 
5 acterized in that said determination means (4) se- 
lects a minimum value (Rmin) of n integration val- 
ues (Ri) obtained by the n-time integration when- 
ever said integration means (2, 3) performs the 
integration n times, compares the minimum value 

io (Rmin) with the preset reference value (C). and 
determines the presence of water leakage when 
the minimum value (Rmin) exceeds the preset ref- 
erence value (C) and the absence of water leakage 
when the minimum value (Rmin) is smaller than the 

is preset reference value (C). 

3. An apparatus according to claim 1, char- 
acterized in that said determination means (4) se- 
lects a minimum value (Rmin) of m integration 
values (Ri) obtained by m-time integration including 

20 a current integration cycle whenever the integration 
of said integration means (2, 3) is completed, com- 
pares the minimum value (Rmin) with the preset 
reference value (C), and determines the presence 
of water leakage when the minimum value (Rmin) 

25 exceeds the preset reference value (C) and the 
absence of water leakage when the minimum value 
(Rmin) is smaller than the preset reference value 
(C). 

4. An apparatus according to claim 1, char- 
30 acterized in that said integration means comprises: 

amplifying means (21) for amplifying an 
absolute value of an outptr signal (Ea) of said 
. vibration detection means (1 ); 

comparing means (22), connected to said 
as amplifying means (21), for comparing a signal level 
of an output signal (Eb) from said amplifying 
means (21) with a predetermined reference level, 
and outputting a signal (Ec) representing a com- 
parison result; 

40 integrator means (30 - 33) connected to the 

output signal (Ea) from said comparing means (22) 
and responsive to the output signal (Ea) from said 
comparing means (22) to integrate a time interval 
for which the output signal (Eb) from said am- 

45 plifying means (21) exceeds the reference level; 

timer means (5) for measuring a time lapse; 
means (37), connected to said timer means 
(5), for storing a plurality of integration start timings 
and a plurality of integration end timings; and 

so control means (35), connected to said timer 

means (5) and said timing storing means (37), for 
starting said integrator means (30 - 33) when an 
output signal from said timer means (5) represents 
one of the integration start timings, interrupting an 

55 operation of said integrator means (30 - 33) when 
the output from said timer means (5) represents 
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one of the integration end timings, and storing an 
integration result obtained by said integrator means 
(30 - 33). 

5. An apparatus according to claim 1." char- 
acterized in that said integration means comprises: 

amplifying means (21) for amplifying an 
absolute value of an output signal fEa) from said 
vibration detection means (1); 

pulse generating means (30) for outputting a 
pulse signal (Eg) having a predetermined period: 

gate means (31. 32), connected to said 
amplifying means (21) and said pulse generating 
means (30), for comparing a signal level of an 
output signal (Eb) from said amplifying means (21) 
with a predetermined reference value level, and 
gating the pulse signal (Eg) when the signal level 
of the output signal (Eb) from said amplifying 
means (21) exceeds the reference level: and 

counting means (33) for counting the number 
of pulses included in an output signal (Ed) from 
said gate means (31, 32) within the predetermined 
period of time. 

6. A watr leakage detecting apparatus includ- 
ing: 

vibration detection means for detecting a 
vibration of a water channel or an object acous- 
tically connected thereto: and 

water leakage detection means, connected to 
said vibration detection means, for detecting a 
presence.- absence of water leakage in response to 
an output signal from said vibration detection 
means, 

characterized in that 

said water leakage detecting apparatus further 
comprises frequency detecting means (14), con- 
nected to said vibration detection means (1), for 
detecting a first peak frequency of the vibration 
detected by said vibration detection means (1) so 
as to measure a distance from a mounting position 
of said vibration detection means (1) to a water 
leakage position. 

7. An apparatus according to claim 6, char- 
acterized m that said water leakage detection 
means comprises: 

integration means (13), connected to said 
vibration detection means (1). for integrating a time 
interval for which a vibration level of the vibration 
detected by said vibration detection means (1) ex- 
ceeds a predetermined value within a predeter- 
mined period of time: and 

determination means (15) for comparing an 
integration value (R) obtained by said integration 
means (13) with the preset reference value (C) and 
for. when the integration value (R) exceeds the 
reference value (C), determining a presence of 
water leakage and when the integration value (R) is 
smaller than the reference value (C). determining 
an absence of water leakage, and 



said frequency detecting means (14) detects a 
first peak frequency of an output signal (Ea) from 
said vibration detection means within the predeter- 
mined period of time so as to measure the dis- 

5 tance from said vibration detection means (1) to the 
water leakage position in accordance with a rela- 
tionship representing that the distance to the water 
leakage position is substantially in inverse propor- 
tion to the first peak frequency. 

70 8. An apparatus according to claim 7. char- 

acterized in that 

said integration means (13) performs the 
integration a plurality of times. 

said water leakage determination means 0 3) 

is compares with a preset reference value (C) a mini- 
mum value of a plurality of integration values ob- 
tained by the plurality of times of integration, and 
determines a presence of water leakage when the 
minimum value (R) exceeds the reference value 

20 (C), and 

said frequency detecting means (14) detects 
the first peak frequency during the predetermined 
time interval in which the minimum value is mea- 
sured. 

25 9. An apparatus according to claims 6 to 8. 

characterized in that said frequency detecting 
means (14) comprises means for defining an aver- 
age frequency of an output signal (Ea) from said 
vibration detection means (1) as the first peak 

30 frequency and obtaining the average frequency. 

10. An apparatus according to claim 6, char- 
acterized in that 

said integration means comprises 

35 amplifying means (21) for amplifying an 

absolute value of an output signal (Ea) 
from said vibration detection means (1), 
pulse signal generating means (40) 
for outputting a pulse signal (Eg) having _ 

40 a predetermined period, 

comparing means (22) for compar- 
ing a signal level of an output signal 
(Eb) from said amplifying means (21) 
with a predetermined reference level 

45 and outputting a signal representing a 

comparison result. 

first gate circuit means (41, 42), 
connected to said comparing means 
(21), for gating the pulse signal (Eg) in 

so response to the signal representing the 

comparison result while the signal tevel 
exceeds the predetermined reference 
level within the predetermined period of 
time, and 

55 first counting means (43) for 

counting the number of pulses included 
in an output signal from said first gate 
circuit means (41 . 42): and said fre- 

10 
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quency detecting means comprises 

second gate circuit means (41, 42), 
connected to said comparing means 
(21), for gating the signal (Ec) represent- 
ing the comparison result within the pre- 5 
determined period of time, 

second counting means (46), 
connected to said second gate circuit 
means (41 , 42), for counting the number 
of pulses included in an output signal w 
from said second gate circuit means 
(41 , 42), and 

means (47) for dividing a count of 
said second counting means (46) by a 
value twice the predetermined period of is 
time and for obtaining the average fre- 
quency, the obtained average frequency 
being regarded as the first peak fre- 
quency. 
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